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(57) ABSTRACT 

The invention relates to a method for testing electrical 
modules. A test pattern of input signals is applied to each 
module to be tested as test specimen, and the actual 
responses of the test specimen to the test pattern is compared 
With the desired responses. The comparison result is evalu 
ated for the purpose of displaying test assessments. Accord 
ing to one embodiment of the invention, to supply the 
desired responses, a reference module produced With the 
same design and technology as the test specimen and tested 
as entirely satisfactory is utilized. The same test pattern as 
for the test specimen is applied to the reference module. The 
invention furthermore relates to circuit arrangements for 
carrying out this method, in particular for testing data 
memories. 

16 Claims, 4 Drawing Sheets 
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METHOD AND CIRCUIT ARRANGEMENT 
FOR TESTING ELECTRICAL MODULES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims foreign priority bene?ts under 35 
U.S.C. §ll9 to co-pending German patent application num 
ber DE 10 2004 010 783.1-35, ?led 5 Mar. 2004. This 
related patent application is herein incorporated by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a method and a circuit arrange 

ment for testing electrical modules. A preferred, but not 
exclusive, ?eld of application for the invention is in elec 
tronic modules that are formed as integrated circuits on a 
semiconductor chip, in particular data memories. Thus, the 
invention relates, in a particular embodiment, to a data 
memory circuit speci?cally designed for an application of 
the test method according to the invention. 

2. Description of the Related Art 
Electrical modules are generally tested by a test pattern of 

input signals being applied to the modules as “test speci 
mens” and output signals generated as a response to said 
input signals being compared With prescribed “desired” 
responses. The comparison results are then evaluated for the 
purpose of displaying the test assessment. If the discrepan 
cies betWeen the “actual” responses that appear and the 
assigned desired responses all lie Within a selected tolerance 
range, the test is deemed to have been “passed” (test 
assessment “good”); otherWise, the test is deemed to have 
been “failed” (test assessment “poor” or “defective”). If 
desired, the comparison results can also be individually 
evaluated and logged, even quantitatively in each case, on 
the basis of the log, to perform a more accurate analysis of 
the behavior of the test specimen. 

Tests of the type described are indispensable to a module 
manufacturer, in particular as ?nal testing of the completed 
modules prior to the delivery thereof. Commercial test 
devices (referred to as “testers” for short) are usually used, 
Which are programmable, to provide the respective desired 
responses for selected test patterns, to carry out the com 
parison of the actual responses With the desired responses 
and to prede?ne the criteria for the test assessments. Such 
testers are relatively complicated devices, and all the more 
expensive, the faster they operate. In the case of modules to 
be tested, such as memory modules, Which are intended to 
operate at very high speeds (i.e., With very fast signal 
sequences) in their useful mode, the testers must also be 
correspondingly fast, of course, to carry out the test realis 
tically. The clock frequencies for the useful mode of present 
day memory modules are a feW hundred MHZ. Testers 
capable of precisely testing modules With such high fre 
quencies currently cost several million euro or US dollars. 

Since a tester can only test a small number of modules in 
parallel on account of limited resources, the supply from 
mass fabrication of electrical modules can currently be 
handled only if a plurality of testers are available simulta 
neously. This applies both to the case of a large supply from 
a series of identical modules, the multiplicity of testers 
operating With identical programming, and to the case Where 
different series of modules are manufactured in parallel, 
each series demanding its oWn test program. Consequently, 
this gives rise to relatively high capital expenditure Which a 
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2 
module manufacturer has to spend on test devices, relative 
to the number of modules to be tested. 

Therefore, there is a need to reduce the equipment outlay 
for the testing of series of electrical modules Without reduc 
ing the accuracy and reliability of the tests. 

SUMMARY OF THE INVENTION 

Accordingly, one embodiment of the invention is realiZed 
in a method for testing electrical modules, a test pattern of 
input signals being applied to each module to be tested as 
test specimen and the actual responses of the test specimen 
to the test pattern being compared With the desired responses 
and the comparison result being evaluated for the purpose of 
displaying test assessments. According to one embodiment 
of the invention, to supply the desired responses, a reference 
module that is produced With the same design and technol 
ogy as the test specimen and tested as entirely satisfactory is 
utiliZed, Wherein the same test pattern as that for the test 
specimen is applied to the reference module. 

In one embodiment, a circuit arrangement for testing 
electrical modules comprises a device for generating a 
preselected test pattern of input signals for each test speci 
men, a comparison device for comparing the actual 
responses to the test pattern that are supplied by the test 
specimens With assigned desired responses, and an evalua 
tion device, connected to the comparison device, for sup 
plying test assessments in a manner dependent on the 
comparison results. A reference module comprising the 
circuit arrangement is produced With the same design and 
technology as the test specimens and tested as entirely 
satisfactory. The reference module is arranged for the pur 
pose of receiving the preselected test pattern to supply the 
desired responses. 
Embodiments of the invention provide the advantage that 

a tester Which operates in a precise manner and is expensive 
need only be used to ?nd, for each module series, just a 
single module Which operates in an ideal manner (or only a 
feW such modules), Which can then serve as a reference 
module, that is to say, as a model for the tests of all the other 
modules (or in each case of a multiplicity of the other 
modules) in the series. The expensive tester is thus not 
required during the series tests and can be used for a 
different purpose, if desired. This reduces the test device 
outlay and hence the test costs per test specimen. 
Embodiments of the invention may be employed for 

testing electrical modules of arbitrary type, i.e., the test 
specimens may be analog circuits or digital circuits. For 
testing digital circuits such as digital memory modules, 
controllers or other data-processing circuits, it may su?ice to 
test the signals supplied by the test specimens With regard to 
“logical correctness”. This correctness exists if the signal 
represents the respectively desired logic value (e.g., the 
binary value “0” or “l”). Therefore, testing the logical 
correctness necessitates only a simple logic value compari 
son betWeen each actual response supplied by the test 
specimen and the assigned desired response supplied by the 
reference module. 

HoWever, it may also be desirable to test the so-called 
“integrity” (physical correctness) of the signals supplied by 
the test specimens, i.e., the form ?delity of the temporal 
pro?le of the signals. Testing the form ?delity of the signals 
is not only expedient When testing analog circuits but is also 
gaining increasing importance for testing digital modules. 
Even present-day digital modules operate at frequencies that 
are close to the limit of What can be handled by transmission 
lines. Thus, small deviations in the signal form of the output 
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signal of a digital module (e.g., in the edge steepness or in 
the peak voltage of a data pulse) may have the effect that the 
signal is no longer reliably identi?ed at the end of a 
transmission link even though it appears “logically cor 
rectly” at the output of the module. This may lead to 
malfunctions of an overall system in Which the relevant 
module is inserted. Since the commercial testers available 
noWadays for digital circuits can only test the logical cor 
rectness, such malfunctions can only be found by perform 
ing tests Within the overall system, that is to say, on the 
system board or motherboard after the module has been 
inserted into the system (so-called “motherboar ” test). This 
is disadvantageous because a module identi?ed as defective 
has to be separated from the system again and replaced by 
a neW module. 

In a particular embodiment of the invention, measures are 
taken to test the physical integrity of the output signals of the 
test specimens. For this purpose, the test comparison is 
evaluated on the basis of the time integral of the magnitude 
of the amplitude difference betWeen actual response and 
desired response. The time integral is a measure of the extent 
to Which a signal supplied by the test specimen deviates 
from the desired pro?le form. The test assessment “test not 
passed” may be displayed if the value of the speci?c time 
integral determined is higher than a preselected threshold 
value. The threshold value may be an empirical value and 
may be found, for example, as a result of a feW preliminary 
experiments by means of the conventional motherboard 
tests. If only those modules Which have passed the test With 
the threshold value found are inserted into the overall 
system, the probability of malfunctions of the overall system 
is signi?cantly loWer. 

The invention’ s principle of using an exemplary reference 
module as the desired response transmitter may be applied 
particularly advantageously to the testing of digital memory 
circuits. In memory tests, the test pattern comprises a pattern 
of data bits Which are Written to addressed memory cells via 
data terminals of the memory circuit. The “responses” to the 
test pattern are the data signals that are output When reading 
from the memory cells at the data terminals. As Will be 
explained in more detail further beloW, the principle accord 
ing to the invention permits an economical and cost-saving 
implementation of such memory tests, in particular, and also 
opens up the possibility of making memory circuits testable 
more economically than heretofore. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above recited features of 
the present invention can be understood in detail, a more 
particular description of the invention, brie?y summarized 
above, may be had by reference to embodiments, some of 
Which are illustrated in the appended draWings. It is to be 
noted, hoWever, that the appended draWings illustrate only 
typical embodiments of this invention and are therefore not 
to be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 

FIG. 1 illustrates the principle of the invention in the form 
of a block diagram; 

FIG. 2 shoWs an embodiment of a circuit for evaluating 
the comparison betWeen actual response and desired 
response of a test; 

FIG. 3 shoWs timing diagrams of signals in the circuit 
according to FIG. 2; 

FIG. 4 shoWs the schematic diagram of a circuit arrange 
ment for carrying out memory tests according to a ?rst 
embodiment of the invention; 
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4 
FIG. 5 shoWs the schematic diagram of a circuit arrange 

ment for carrying out memory tests according to a second 
embodiment of the invention; and 

FIG. 6 shoWs the schematic diagram of a circuit arrange 
ment for carrying out memory tests according to a third 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The invention relates to a method and a circuit arrange 
ment for testing electrical modules. Unless de?ned in greater 
detail, the general term “module” here is taken to mean 
electrical circuits or assemblies of any desired type. A 
preferred, but not exclusive, ?eld of application for the 
invention is in electronic modules that are formed as inte 
grated circuits on a semiconductor chip, in particular data 
memories. One particular embodiment provides a data 
memory circuit speci?cally designed for an application of 
the test method according to the invention. 

In FIG. 1, the block 10 symboliZes a “test specimen”, that 
is to say, an electrical module to be tested, Which may be of 
arbitrary type and the useful function of supplying respec 
tively prescribed output signals as a response to de?ned 
input signals. To test Whether or to What extent the test 
specimen 10 correctly ful?lls this function, a test pattern TM 
of input signals is applied to the test specimen 10. The test 
pattern is generated by a test pattern generator 30 and is 
typical of the input signal patterns such as those occurring 
during useful operation of the test specimen 10. 
The block 20 symboliZes a “reference module”, Which 

resembles the test specimen 10 insofar as it is produced With 
the same design and the same technology, and may also 
originate from the same series, as the test specimen. In 
contrast to the test specimen 10, the reference module 20 is 
an exemplar module Which can be de?nitely assumed to 
operate reliably and correctly, that is to say, to supply the 
prescribed “desired” responses R to the test pattern TM. 
Such an exemplar module can be found by means of a 
precision tester. 
The test pattern TM generated by the test pattern genera 

tor 30 is simultaneously applied to the test specimen 10 and 
to the reference module 20, and the signals X Which appear 
at the output of the test specimen as the actual response are 
compared, in a comparator 40, With the signals R Which 
appear at the output of the reference module and Which 
represent the desired responses to the test pattern TM. The 
comparison result from the output of the comparator 40 is 
processed in an evaluation circuit 50 to derive a display 
signal. If the test specimen 10 (and thus also the reference 
module 20) is an analog module, then an analog comparator 
is used as the comparator, and the evaluation circuit may be, 
in a simple case, a threshold detector that supplies an error 
signal P as display signal if the magnitude of the comparison 
result exceeds a preselected threshold value. If the test 
specimen 10 is a digital module Whose output signals 
represent logic values, then the comparator and the evalu 
ation circuit may be formed, in a simple case, by a logical 
comparator, e.g., by a modulo-2 adder, Which supplies an 
error signal P if the compared logic values do not corre 
spond. 

In an embodiment illustrated in FIG. 2, the comparator 40 
and the evaluation circuit 50 are formed in such a Way as to 
supply a display signal Which provides information about 
the physical integrity of the actual responses X of the test 
specimen 10. In the case shoWn, the comparator 40 is an 
analog amplitude comparator that supplies the amplitude 
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difference A(t) between the temporal pro?le X(t) of the 
actual responses of the test specimen 10 and the temporal 
pro?le R(t) of the desired responses. The magnitude |A(t)| of 
said amplitude difference is formed in a block 51 Within the 
evaluation circuit 50. As an alternative, the amplitude com 
parator 40 may be con?gured in a manner knoWn in the art 
such that it forms the signal |A(t)| itself. 
The evaluation circuit 50 contains an activation sWitch, 

Which is shoWn as N-FET 52 and can be turned on by a high 
level of an activation signal A to apply the signal |A(t)| to an 
integrator 53 for the duration of this activation, said inte 
grator being illustrated as a simple RC element in FIG. 2. A 
clear sWitch shoWn as N-FET 54 is arranged in parallel With 
the integrator 53 and is controlled by the signal A via an 
inverter 56, so that it is in the off state Whenever and only 
When the activation sWitch is in the on state. 

The mode of operation of the evaluation circuit 50 accord 
ing to FIG. 2 is illustrated in the timing diagrams according 
to FIG. 3 for the illustrative case Where the test specimen 10 
and the reference module 20 generate data pulses as 
responses to a test pattern. The desired response R supplied 
by the reference module is a voltage pulse having steep 
leading and trailing edges and a ?at pulse crest, While the 
voltage pulse supplied by the test specimen as actual 
response X begins in someWhat delayed fashion, rises more 
sloWly, and has a rounded crest of reduced amplitude. The 
instants t1 and t3 mark a time WindoW Within Which a 
response may appear, e.g., the limits of a data clock period. 
At the instant t1, the activation signal A is activated 
(sWitched to a high level), so that the sWitch 52 is turned on 
and the sWitch 54 is turned off. At an instant t2 shortly before 
t3, the activation signal A is deactivated, so that the sWitch 
52 is turned off and the sWitch 54 is turned on. Consequently, 
there builds up at the integrator 53, starting from the instant 
t1, a voltage Vi(t) Which is proportional to the current time 
integral of the magnitude of the amplitude difference 
between the actual response X(t) of the test specimen 10 and 
the desired response R(t) supplied by the reference module 
20, starting from the instant t1: 

Where K is a circuit-speci?c proportionality constant Which 
depends on the dimensioning of the gain factor of the 
comparator 40 and the circuit components of the evaluation 
circuit and is readily reproducible. The current time integral 
rises monotonically, corresponding to the groWth in the area 
enclosed betWeen the curves X(t) and R(t). The time integral 
is applied to a threshold detector 55, Which supplies an error 
signal P having a high level as soon as the current integral 
exceeds a set threshold value S. At the instant t2, the 
integrator 53 is “cleared” again, i.e., reset to Zero, via the 
turned-on sWitch 54. If the time integral has not reached the 
threshold value S by then, an effective error signal P is not 
generated. The Whole procedure starts aneW at the instant t3, 
With the beginning of the clock period for the next test 
pattern response. 

Instead of a single test specimen 10, it is also possible for 
a plurality of test specimens of the same series to be 
connected to the test pattern generator 30 to synchronously 
test a plurality of test specimens simultaneously. In this case, 
a corresponding number of comparators 40 are to be pro 
vided, each of Which is connected to the reference module 
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6 
20 and to a respective one of the test specimens and in each 
case impinges on a dedicated evaluation circuit 50. 

Instead of a single common test pattern generator 30, a 
dedicated test pattern generator may be provided in each 
case for the reference module 20 and the test specimen 10 or 
for each test specimen 10. All the generators supply the same 
test patterns synchronously. The test pattern generators may 
be integrated in the modules to be tested and in the reference 
module. Many types of data-processing modules, such as 
memory modules, are produced With integrated test pattern 
generators Which can also be utiliZed for the test principle 
according to the invention. As an example, FIG. 4 shoWs an 
arrangement for testing a plurality of test specimens With 
integrated test pattern generators in parallel according to the 
principle of the invention. 

Three identical test specimens 10[a], 10[b], 10[c] are 
inserted in the arrangement according to FIG. 4. The test 
specimens are memory modules, e.g., DRAM modules, 
Which are in each case integrated on a chip and are in a 
preferred ?eld of application of the invention. Each of the 
test specimens 10[a:c] contains an array 60 With a multi 
plicity of memory cells and a plurality of bidirectional data 
ports 70 connected to respectively assigned external data 
terminals 71 to transmit externally received data bits from 
the terminals 71 to addressed memory cells of the cell array 
60 in the Write mode and to transmit the data signals 
obtained during read-out at addressed memory cells to the 
data terminals 71 in the read mode. The Write and read 
modes and the addressing of the memory cells are controlled 
by an internal control device 80 in a manner dependent on 
external command and address information Which overall 
comprises a multiplicity of parallel bits (command bits and 
address bits) and is applied to a control input 81. FIG. 4 
depicts n:4 data terminals at each test specimen 10 as an 
example, during each memory clock cycle, to Write in or 
read out n data bits in parallel at an addressed group of n 
memory cells. In practice, n is usually higher and is usually 
an integer to the poWer of 2. 
Each test specimen 10 shoWn in FIG. 4 further contains a 

dedicated internal test pattern generator 30 Which may be 
activated by the control device 80 as a response to a test 
Write command to Write a programmed sequence of test data 
bits to the cell array 60. 
The test arrangement according to FIG. 4 contains, as 

reference module 20, a memory module Which is con 
structed and produced in exactly the same Way as the test 
specimens 10, so that a more detailed description of its 
details and its method of operation is unnecessary. The 
elements contained in the reference module 20 are desig 
nated by the same reference numerals as the corresponding 
elements in the test specimens 10. The reference module 20, 
Which preferably originates from the same fabrication series 
as test specimens 10, has been found as an error-free 
exemplar that functions in an exemplary manner (commonly 
referred to as a “golden device”) as a result of prior testing 
by means of a precision tester. The remaining component 
parts of the test arrangement according to FIG. 4 are 
described beloW in conjunction With the test mode. 
A test control unit 90 is provided, Which is connected to 

the command and address inputs 81 of all the modules 10, 
20 via a branching command and address bus 91. The system 
of the bus branching is designed such that the same bus 
length results betWeen the unit 90 and all the inputs 81, so 
that the signals supplied by the unit 90 arrive at the inputs 
81 synchronously and With the same characteristics. 
At the beginning of the test operation, ?rstly a test Write 

mode is effected, triggered by a test Write command supplied 
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by the test control unit 90 (e.g., a test mode command 
followed by a Write command). As a result of this, in the 
reference module 20 and in each test specimen 10, the same 
test pattern of data bits from the respectively assigned test 
pattern generator 30 is Written to the respective cell array 50. 
The cell addressing is identical here at all the modules 10, 
20 and is prede?ned by the address bits supplied by the test 
control unit 90. 

After the test Write mode, the test control unit 90 controls 
a test read mode, by transmitting a test read command With 
reneWed transmission of address bits to read out the data 
Written in the modules 10, 20, so that the read data signals 
appear simultaneously at the data terminals 71 of all the 
modules. For each data terminal 71 of each test specimen, 
the test arrangement includes a dedicated comparator 40 
With an evaluation circuit 50 connected doWnstream. For 
reasons of clarity in the draWing, FIG. 4 illustrates only three 
comparators 40[a], 40[b], 40[c] and evaluation circuits 
50[11], 50[b], 50[c] for the ?rst of the n data terminals 71 of 
the three test specimens 10[a], 10[b], 10[c]. The ?rst input 
of each comparator 40 is connected to the ?rst data terminal 
71 of the respectively assigned test specimen, and its second 
input is connected to the ?rst data terminal 71 of the 
reference module 20. The line system betWeen the compara 
tors and the modules 10, 20 is con?gured such that all 
connections are of the same length or have the same propa 
gation time and also have otherWise identical transmission 
properties. Consequently, the signals to be compared appear 
at the inputs of all the comparators at the same time. 

The netWork of comparators 40 and evaluation circuits 50 
depicted in FIG. 4 is provided in n-fold fashion overall, that 
is to say, in the same Way also for the second, third, etc., data 
terminals of the test specimens 10 and of the reference 
module 20. Consequently, during the test read mode, all the 
data signals supplied by the test specimens 10, as actual 
responses to the test pattern, are compared With the assigned 
desired responses supplied by the reference module 20. As 
soon as one of the actual responses deviates from the 
relevant desired response by more than a prede?ned amount, 
the evaluation circuit 50 assigned to the relevant test speci 
men data terminal 71 generates an effective error signal P. 

The evaluation circuits 50 may be designed and may 
function in a manner such as described above With reference 
to FIG. 2. The activation signal A required in this case may 
be generated in temporal reference With respect to a clock 
signal Which also synchroniZes the operation of the test 
specimens 10 and of the reference module 20. The clock 
lines used for this purpose are not depicted in FIG. 4 for 
reasons of clarity. 

FIG. 5 shoWs an example of a test arrangement in Which 
the comparison devices and evaluation circuits assigned to 
the test specimens are in each case an integrated component 
part of the test specimens themselves. TWo test specimens 
110[a] and 110[b] are illustrated, Which are memory mod 
ules each containing a cell array 60 and a control device 80 
With a command and address input 81 and having n data 
terminals 71 Which are connected to the cell array 60 via an 
assigned bidirectional data port 70. The illustration depicts, 
in each test specimen 110, only one of the n data ports and 
the connection thereof to the assigned data terminal 71 and 
the cell array 60. The other data ports are formed in exactly 
the same Way. In the normal Write and read modes, the 
modules 110 illustrated in FIG. 5 operate in the same manner 
knoWn as previously described With reference to FIG. 4. 

FIG. 5 illustrates some details of the bidirectional data 
ports 70. Each data port 70 includes tWo antiparallel-con 
nected transfer channels betWeen the assigned data terminal 
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8 
71 and an assigned data line 72 Which is connected to the cell 
array 60. One transfer channel, Which serves for transmitting 
received Write data from the data terminal 71 to the data line 
72, contains a reception data driver 73, Which can be 
sWitched by a control signal C73 supplied by the control 
device 80 to sWitch on or to interrupt the “reception” transfer 
channel. The other transfer channel, Which serves for trans 
mitting read data to be transmitted from the data line 72 to 
the data terminal 71, includes a transmission data driver 74, 
Which can be sWitched by a control signal C74 supplied by 
the control device 80 to sWitch on or to interrupt said 
“transmission” transfer channel. 

To test the test specimens 110 shoWn in FIG. 5 in the 
manner according to the invention, each test specimen 110 
includes, for each of its data ports 70, a test comparator 40 
With evaluation circuit 50 connected doWnstream. The ?rst 
input of the comparator 40 may be connected to the assigned 
data line 72 via a test data driver 75, Which can be sWitched 
by a control signal C75 supplied by the control device 80. 
The second input of the comparator 40 is connected to the 
assigned data terminal 71. 
The test arrangement shoWn in FIG. 5 includes, as refer 

ence module 120, a memory module Which is constructed 
and produced in exactly the same Way as the test specimens 
110 (With a small difference in the Wiring of the control 
signals, Which is described further beloW) so that a more 
detailed description of its details and its method of operation 
is unnecessary. The elements contained in the reference 
module 120 are designated by the same reference numerals 
as the corresponding elements in the test specimens 110. The 
reference module 120, Which preferably originates from the 
same fabrication series as the test specimens 110, has been 
found as an error-free exemplar that functions in an exem 

plary manner (i.e., a “golden device”) as a result of prior 
testing by means of a precision tester. The remaining com 
ponent parts of the test arrangement according to FIG. 5 are 
described beloW in conjunction With the test mode. 
A test control unit 90 is provided, Which is connected to 

the command and address inputs 81 of all the modules 110, 
120 via a branching command and address bus 91. Further 
more, a test pattern generator 30 is provided having n data 
outputs Which are connected, via a branching n-core “exter 
nal” data bus 92, to the n data terminals 71 of both the test 
specimens 110 and the reference module 120. FIG. 5 illus 
trates only that core of the external data bus 92 Which leads 
to a ?rst data terminal 71 at each module 110, 120. 
At the beginning of the test operation, ?rstly a test Write 

mode is effected, triggered by a test Write command supplied 
by the test control unit 90. As a result of this, in the reference 
module 120 and in each test specimen 110, the same test 
pattern of data bits from the respectively assigned test 
pattern generator 30 is Written to the respective cell array 60. 
The cell addressing is identical here at all the modules 110, 
120 and is prede?ned by the address bits supplied by the test 
control unit 90. During the test Write mode, in each module 
110, 120, the reception data drivers 73 are sWitched on by 
the control signal C73, and the transmission data drivers 74 
and the test data drivers 75 remain switched off. 

After the test Write mode, the test control unit 90 controls 
a test read mode, by transmitting a test read command With 
reneWed supply of address bits to read out the data Written 
in the modules 110, 120. During the test read mode, in the 
test specimens 110, the reception data drivers 73 and the 
transmission data drivers 74 remain switched off, and the 
test data drivers 75 are sWitched on by the control signal 
C75. In the reference module 120, hoWever, the transmission 
data drivers 74 are sWitched on, and the reception data 
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drivers 73 and the test data drivers 75 remain switched off. 
This control difference betWeen reference module and test 
specimens in the test read mode can be realized, e.g., by 
means of the control signal C75, Which is applied to the test 
data drivers 75 in the test specimens 110, being applied to 
the transmission data driver 74 in the reference module 120. 
The corresponding different signal routing can be effected 
by simple manipulation on the ?nished reference module 
120 prior to its encapsulation, e.g., by means of metalliZa 
tion or fuse technology. 

During the test read mode, then, the data Which are read 
out from the reference module 120 representing the desired 
responses to the test pattern pass via the transmission data 
drivers 74 of the reference module and the data bus system 
92 to the data terminals 71 of each test specimen 110 and 
from there to the second inputs of the respectively assigned 
comparators 40. The data signals Which are read out in the 
test specimens 110 and represent the actual responses of the 
test specimens to the test pattern pass via the test data drivers 
75 to the ?rst inputs of the comparators 40. As soon as an 
actual response deviates from the relevant desired response 
by more than a predetermined amount, the evaluation circuit 
50 assigned to the relevant test specimen data terminal 71 
generates an effective error signal P. 

In the case of the design of the test specimens 110 Which 
is shoWn in FIG. 5, possible malfunctions of the transmis 
sion data drivers 74 in the test specimens 110 do not become 
apparent during the test according to one embodiment of the 
invention since these elements are not active either during 
the test Write mode or during the test read mode. An 
alternative design in Which this problem does not occur is 
illustrated in FIG. 6. 

The arrangement according to FIG. 6 differs from the 
arrangement according to FIG. 5 by virtue of a small 
modi?cation on the test specimens, Which are designated by 
the reference numeral 210 in FIG. 6. This modi?cation 
consists in the provision of a changeover sWitch 76 at the 
output of the transmission data driver 74 in each data port 70 
of the test specimens 210. The changeover sWitch may be 
controlled by a control signal C76 supplied by the control 
device 80 to connect the driver output either to the assigned 
data terminal 71 or to the ?rst input of the assigned com 
parator 30. The test data drivers 75 present in the test 
specimens 110 according to FIG. 5 are absent in the test 
specimens 210 according to FIG. 6. The reference module 
220 shoWn in FIG. 6 is a successfully tested module from the 
same production series as the test specimens 210. 

In all other circuitry features, the arrangement according 
to FIG. 6 resembles that according to FIG. 5. The test mode 
is effected in a manner similar to that described above With 
reference to FIG. 5, With the sole difference that the control 
signal C76 replaces the control signal C75, in the test read 
mode, to bring the changeover sWitches 76 in the test 
specimens 210 into the sWitching state (depicted in bold) 
and thereby to decouple the output of each transmission data 
driver 74 from the assigned external data terminal 71 and 
instead to connect it to the ?rst input of the assigned 
comparator 30. Consequently, during the test read mode, the 
data signals read from the cell array 60 of each test specimen 
210, as actual responses, pass through the same transmission 
data drivers as the data signals read out in useful operation. 
A malfunction of these data drivers is thus identi?ed during 
testing. The changeover sWitches 76, depicted symbolically 
like mechanical sWitches in FIG. 6, are in practice electronic 
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changeover devices having a short response time (e.g., 
1-to-2 multiplexers). Their transfer time may, if necessary, 
be compensated for by insertion of a corresponding com 
pensating delay (not shoWn) at the second input of each 
comparator 40. 
The changeover sWitches 76 in the data ports 70 of the test 

specimens 210 may be kept in the state depicted bold during 
the test Write mode as Well, because the transmission data 
drivers 74 remain switched off anyWay in this time. The 
other state, depicted in dashed fashion, of the changeover 
sWitches 76 is actually only necessary during normal opera 
tion of the successfully tested test specimens to transmit 
read-out data signals to the external data terminals 71. In the 
data ports 70 of the reference module 220, the outputs of the 
transmission data drivers 74 have to be connected to the 
assigned external data terminals 71 at least during the test 
read mode. Since this connection is permitted to exist during 
the test Write mode as Well, it may be designed as a 
permanent connection, e.g., by ?xed latching of the 
changeover sWitch 76 in the corresponding state or by 
bridging of the changeover sWitch. This may be effected by 
means of simple manipulation on the ?nished reference 
module 220 prior to its encapsulation, e.g., by means of fuse 
technology or metalliZation. 

The evaluation circuits 50 in the test specimens 110 
according to FIG. 5 and 210 in FIG. 6 may be designed and 
may function in a manner such as previously described With 
reference to FIG. 2. The activation signal A required in this 
case may be generated by the respectively assigned control 
device 80 in temporal reference With respect to a clock 
signal Which also synchronizes the operation of the test 
specimens and of the reference module. The clock lines used 
for this purpose are not depicted in FIGS. 5 and 6 for reasons 
of clarity. 

In the arrangements according to FIG. 5 and FIG. 6, the 
branching system of the command and address bus 91 and 
of the external data bus 92 is con?gured such that the 
folloWing time conditions are met: 

a) the data signals supplied by the test pattern generator 30 
in the test Write mode should, at each module (test 
specimens and reference module), be in the same 
temporal relationship With the command and address 
signals received there; and 

b) the data signals supplied by the reference module 120 
or 220 in the test read mode should, at each comparator 
40 in each test specimen 110 or 210, be in the same 
temporal relationship With the command and address 
signals as the data signals read out in the relevant test 
specimen itself. 

Additional compensating delays may be inserted as 
required at suitable locations to meet these time conditions 
exactly. 

In test methods according to the invention and arrange 
ments for carrying out memory tests, the order of the 
addresses for addressing the memory cells in the test read 
mode may be identical to or different than in the test Write 
mode. It is also possible, after a test Write mode, to carry out 
a plurality of complete test read cycles With different orders 
of addresses to test the behavior of the memory modules 
more intensively. 

While the foregoing is directed to embodiments of the 
present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 
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What is claimed is: 
1. A method for testing electrical modules, comprising: 
applying a test pattern of input signals to each module; 
applying the same test pattern to a reference module, 

Wherein the reference module is of the same design and 
technology as the electrical modules being tested; 

Wherein each electrical module and the reference module 
are digital data memories each containing a multiplicity 
of addressable memory cells and having data ports to 

5 
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3. The method of claim 2, further comprising: 
indicating the test assessment as not passed if a value of 

the time integral determined is higher than a prese 
lected threshold value. 

4. The method of claim 1, Wherein the reference module 
has been previously tested utiliZing a precision test device. 

5. A circuit arrangement for testing electrical modules, 
comprising: 

a test pattern generator for generating a preselected test 
input data bits to be stored in a Write mode and to output 10 Patterh of ihPht Signals for each electrical module to he 
stored data bits in a read mode; tested; _ _ _ 

Wherein each data port in the electrical modules and in the a referehee module that 15 Predueed Wlth Same deslgh and 
reference module comprises a bidirectional port teehhelegy es the eleetneal modules ehd tested as 
arranged betWeen an assigned external data terminal ehtlrely satlsfaetery Con?gured te reeelVe the PreSe' 
and an assigned internal data line, the bi-directional 15 teeted test Patterh and Supply deslred responses to the 
pOrt Comprising; preselected test pattern; 
a reception transfer Channel that can be SWitehed on Wheremeach electrical module and the reference module 

Selectively for data bitS tO be WI.itten; are d1g1tal data memory c1rcu1ts each contaimng a 
a transmission transfer channel that can be sWitched on multlphelty ,Of addressahte memory cells havmg 

Selectively for readingem data bits, and 20 data ports to 1nput data b1ts to be stored 1n a Wr1te mode 
a sWitchin device rovided for each data ort in each and to Output stored data hits in a read mode’ 

. g p . . . p . . Wherein the test pattern generating device is con?gured to 

eteetheet htedthe’ wherelh the swltehthg devtee’ In a generate the test pattern as a pattern of data bits for 
?rst sW1tch1ng state, switches on the recept1ontrans- Writing to the memory Cells and 
fer ehahhet ehd lhhlhlts the trahshhssteh. transfer 25 Wherein each data port in the electrical modules and in the 
channel and, 1n a second sW1tch1ng state, sW1tches on reference module Comprises a bidirectional port 
the transmission transfer channel and inhibits the arranged between an assigned external data terminal 
reeeptteh transfer ehehhet’ whereth the swttehlhg and an assigned internal data line, the bi-directional 
device is changeable into a th1rd state in Wh1ch the port Comprising 

reeeptteh transfer ehahhet and the trahshhssleh 30 a reception transfer channel that can be sWitched on 
transfer channel rema1n1nterrupted, theintemal data Selectively for data bits to be Written 
hhe rethalh eehheeted to the aetuat response Input of a transmission transfer channel that can be switched on 
the assigned comparator and the external data ter- Selectively for readingom data bits and 
minal remain connected to the desired response input a Switching device provided for each data port in each 
of the assigned comparator; . . . . . . 

h _ h _ d b, h 35 electrical module, wherein the sW1tch1ng device, in a 
W ereth t e test pattern eemphses ate Its t at ere ?rst sWitching state, sWitches on the reception trans 

apphed. together Wlth a Whte eehhhahd and Wtth fer channel and inhibits the transmission transfer 
addressing signals to the electrical modules and to the Channel and in a Second Switching State Switches on 
reference module to Write the data bits to addressed the transmigsion transfer Channel and’inhibits the 
hltehteryleehfl elf heth the reference module and the 40 reception transfer channel, Wherein the sWitching 
e eethea me u es’ _ _ _ _ device is changeable into a third state in Which the 

wherein the test patterns are appl1ed utilizing a common reception transfer Channel and the transmission 
test eehtrel uhlt’ whleh’ fer Whtlhg 1h the data hlts ef transfer channel remain interrupted, the internal data 
the test patterh’ appl1es the heme patterh of Whte line remain connected to the actual response input of 
addressing signals for the select1on of the memory cells 45 the assigned Comparator and the external data ter_ 
to each electrical module and to the reference module, minal remain Connected to the desired response input 
and for reading from the memory cells ?lled With the of the assigned COInparator. 
data bits of the test pattern, appl1es the same pattern of a Comparison device for Comparing actual responses to 
read addressing signals to each electrical module and to the test pattern by the electrical modules With the 

the refereheehledhle; _ _ 50 desired responses, Wherein the comparison device 
eehlpanhg, htlhZlhg a eehlpanseh deVlee, aethal includes a comparator for each data port of the elec 

reshehses of each module to the test Petterh Wlth trical module, Wherein the comparator compares a 
deslred responses to the test Patterh PtOVlded by the signal appearing at a relevant data port of the respective 
referehee module, Wherelh the eehlpanhg Produce? a electrical module as actual response With the desired 
eehlpahseh result, Wherelh the eehlpanseh deVlee 55 response at the corresponding data port of the reference 
1ncludes a comparator for each data port of the elec- module; 
thieal module, wherein the Comparator eehlparee a an evaluation device connected to the comparison device 
slghal aPPeanhg at a relevant data Port ofthe respeetlve for supplying test assessments in a manner dependent 
electrical module as actual response With the desired on the Comparison results; and 
response at the eerrespehdlhg data Port of the referehee 60 a common test control unit, Which, for Writing in the data 
module; and 

evaluating the comparison result to produce a test assess 
ment. 

2. The method of claim 1, Wherein the comparison result 

bits of the test pattern, applies the same pattern of Write 
addressing signals for the selection of the memory cells 
to each electrical module and to the reference module, 
and for reading from the memory cells ?lled With the 

is determined by a time integral of a magnitude of an 65 
amplitude difference betWeen the actual response and the 
desired response over a selected integration duration. 

data bits of the test pattern, applies the same pattern of 
read addressing signals to each electrical module and to 
the reference module. 
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6. The circuit arrangement of claim 5, Wherein the evalu 
ation device is con?gured to determine a time integral of a 
magnitude of an amplitude difference betWeen each respec 
tive actual response and desired response over a selected 
integration duration. 

7. The circuit arrangement of claim 6, Wherein the evalu 
ation device generates an error signal When a value of the 
time integral determined is higher than a preselected thresh 
old value. 

8. The circuit arrangement of claim 5, Wherein the test 
pattern generating device comprises a separate test pattern 
generator for each electrical module and for the reference 
module. 

9. The circuit arrangement of claim 8, Wherein the test 
pattern generators are integrated in the electrical modules 
and in the reference module. 

10. The circuit arrangement of claim 5, Wherein the test 
pattern generating device comprises a single common test 
pattern generator for the electrical modules and the reference 
module. 

11. The circuit arrangement of claim 5, Wherein each 
external data terminal is ?xedly connected to the desired 
response input of the assigned comparator. 

12. The circuit arrangement of claim 11, Wherein each 
reception transfer channel comprises a reception data driver 
that can be sWitched on and off and each transmission 
transfer channel comprises a transmission data driver that 
can be sWitched on and off, further comprising: 

a test data driver that can be sWitched on and off arranged 
betWeen each internal data line and the actual response 
input of the assigned comparator, Wherein the sWitch 
ing device includes a switching control device Which, 
in response to a Write command, generates ?rst sWitch 
ing signals for sWitching on the reception data drivers 
and, in response to a read command, generates second 
sWitching signals for sWitching on the transmission 
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data drivers and, in response to a test read command, 
generates third sWitching signals for sWitching on the 
test data drivers. 

13. The circuit arrangement of claim 11, Wherein each 
reception transfer channel comprises a reception data driver 
that can be sWitched on and off and each transmission 
transfer channel comprises a transmission data driver that 
can be sWitched on and off, Wherein the sWitching device, in 
each data port, comprises: 

a changeover sWitch Which, in a ?rst state, connects the 
output of the transmission data driver to the external 
data terminal and, in a second state, connects the output 
of the transmission data driver to the actual response 
input of the assigned comparator, and 

a sWitching control device, Which, in response to a Write 
command, generates ?rst sWitching signals for sWitch 
ing on the reception data drivers and, in response to a 
read command, generates second sWitching signals for 
sWitching on the transmission data drivers and for 
setting the changeover sWitches into the ?rst state and, 
in response to a test read command, generates third 
sWitching signals for sWitching on the transmission 
data drivers and for setting the changeover sWitches 
into the second state. 

14. The circuit arrangement of claim 11, Wherein the 
sWitching control device is integrated Within each respective 
electrical module. 

15. The circuit arrangement of claim 5, Wherein the 
comparators are integrated in the electrical modules. 

16. The circuit arrangement of claim 15, Wherein the 
evaluation device, for each comparator, includes a separate 
evaluation circuit integrated in each respective electrical 
module. 


